Background: Abdominal aortic injury (AAI) is a life-threatening condition that occurs in only 0.1% of all trauma admissions. Because of its rarity, the clinical features of AAI remain unclear. We investigated the characteristics, treatments, and clinical outcomes among patients with AAI. Methods: This retrospective cohort study was performed using the Japanese Diagnosis Procedure Combination database. We identified patients with a confirmed diagnosis of AAI with emergency admission from 1 July 2010 to 31 March 2017. Eligible patients were divided into three groups: those who were treated with no surgery or endovascular treatment (nonrepair group), those who underwent surgery without endovascular treatment (open repair group), and those who received endovascular treatment without surgery (endovascular repair group). Results: A total of 238 patients met the inclusion criteria during the study period. Of these, 191 (80.3%) were allocated to the non-repair group, 20 (8.4%) were allocated to the open repair group, and 27 (11.3%) were allocated to the endovascular repair group. The proportions of patients in the non-repair group from July 2010 to March 2012, April 2012 to March 2014, April 2014 to March 2016, and April 2016 to March 2017 were 93.5%, 75.9%, 80.6%, and 73.2%, respectively. The crude in-hospital mortality rate was 26.2%, 35.0%, and 18.5% in the non-repair, open repair, and endovascular repair group, respectively. Conclusions: In this cohort, the proportion of non-repair for AAI decreased from 2010 to 2017, whereas the proportion of endovascular repair increased. Younger patients were more likely to undergo open repair, whereas older patients were more likely to undergo endovascular repair.
Background
Abdominal aortic injury (AAI) is a life-threatening condition. Surgery (open repair) is the standard treatment for bleeding control. AAI occurs in only 0.1% of all trauma admissions and at approximately one fifth the frequency of thoracic aortic injury [1] . Data regarding AAI are mostly based on case reports. Two cohort studies demonstrated that the overall mortality rates among patients with AAI were 35% and 51.7% [2, 3] . Because of its rarity, the clinical features of AAI remain unknown.
Non-operative treatment is becoming a treatment option for patients with AAI who have stable vital signs, even if the patients have a large intimal tear and pseudoaneurysm [4] .
In recent years, endovascular repair has been rapidly adopted as a feasible treatment modality for patients with AAI because numerous studies of intrinsic disease in the abdominal aorta have shown good clinical results using endovascular stents [5, 6] . However, the role of endovascular stents in trauma settings and the features of AAI remain unclear.
The present study was performed to investigate the characteristics, treatments, and clinical outcomes among patients with AAI using a Japanese nationwide database.
Methods

Study design and data collection
This retrospective cohort study was performed using the Japanese Diagnosis Procedure Combination database [7] . The details of the database are described elsewhere [8] . Briefly, the database comprises administrative claims and discharge abstract data from more than 1200 acute-care hospitals in Japan [8] . It also covers approximately 90% of all tertiary-care emergency hospitals and contains the main diagnosis, primary diagnosis on admission, comorbidities present on admission, and comorbidities diagnosed during each episode of hospitalization recorded using International Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) codes with text data in Japanese. A validation study for the database showed high specificity of recorded diagnoses and high sensitivity and specificity of recorded procedures [9] .
Study participants
Data recorded from 1 July 2010 to 31 March 2017 in the database were used for the present study. We studied patients with a confirmed diagnosis of AAI with emergency admission. We identified diagnoses of AAI with the ICD-10 code S350. We excluded patients who were younger than 18 years of age, died in the emergency room, and underwent both open and endovascular repairs. Eligible patients were divided into those who were treated non-operatively (non-repair group), those who underwent surgery without endovascular treatment (open repair group), and those who underwent endovascular treatment without surgery (endovascular repair group).
Variables and outcomes
For this study, we examined the following patient background characteristics: age, sex, body mass index (kg/m 2 ), Japan Coma Scale (JCS) score, coexisting injury (head injury, lumbar spine and/or pelvic fracture, bowel injury, splenic injury, and liver and/or biliary tract injury), and modified ICD-10-based Injury Severity Score (modified ICISS) [10] . A high modified ICISS indicates high severity. This score achieved high accuracy (area under the curve, 0.887) for mortality prediction among patients with trauma in the database.
Age was categorized into 18 to 49, 50 to 64, 65 to 79, and ≥ 80 years. The JCS score was categorized into four groups: 0 (alert), 1 to 3 (delirium), 10 to 30 (somnolence), and 100 to 300 (coma) points. The JCS score is well correlated with the Glasgow Coma Scale score, and a JCS score of 100 is equivalent to a Glasgow Coma Scale score of 6 to 9 [11, 12] .
The primary outcome was in-hospital mortality. The secondary outcomes were 24-h mortality, length of stay, volume of blood transfusion, and major complications.
Statistical analysis
Continuous variables are presented as medians and interquartile ranges. Categorical variables are presented as numbers and percentages. Baseline characteristics and crude outcomes were compared using the Kruskal-Wallis test for continuous variables with a skewed distribution and the chi-squared test or Fisher's exact test for categorical variables among the non-repair, open repair, and endovascular repair groups.
We (Fig. 2) . The numbers and proportions of patients in the endovascular repair group during these four periods were 0 (0.0%), 12 (15.2%), 8 (11.1%), and 7 (17.1%), respectively.
The patients' baseline characteristics are shown in Table 1 . The proportions of patients with lumbar spine and/or pelvic fractures were significantly different among the non-repair, open repair, and endovascular repair groups. There were no significant differences in age, sex, body mass index, consciousness level, coexisting injury except for lumbar spine and/or pelvic fracture, or modified ICISS among the groups.
Interventions and treatments are shown in Table 2 . The proportions of patients requiring mechanical ventilation, chest tube drainage, defibrillation, and intravenous infusion (noradrenalin, dobutamine, albumin, and tranexamic acid) were significantly different among the non-repair, open repair, and endovascular repair groups.
The outcomes are shown in Table 3 . The crude mortality rate within 24 h after admission was 18.9% in the non-repair group, 15.0% in the open repair group, and 11.1% in the endovascular repair group (P = 0.74). The crude in-hospital mortality rate was 26.2% in the non-repair group, 35.0% in the open repair group, and 18.5% in the endovascular repair group. The median length of stay was 18.0 days in the non-repair group, 20.5 days in the open repair group, and 40.0 days in the endovascular repair group (P = 0.033). The blood transfusion rate was significantly different among the non-repair, open repair, and endovascular repair groups. The median volume of blood transfusion was 1440 ml in the non-repair group, 3610 ml in the open repair group, and 2240 ml in the endovascular repair group (P = 0.002). The proportions of pneumonia in the non-repair, open repair, and endovascular groups were 6.3%, 10.0%, and 11.1%, respectively (P = 0.58). The proportions of thrombosis or phlebitis in the non-repair, open repair, and endovascular groups were 2.1%, 0.0%, and 0.0%, respectively (P = 0.61).
Discussion
The present nationwide cohort study showed no significant differences in in-hospital mortality and major complications among the non-repair, open repair, and endovascular repair groups. However, the length of stay and proportion of blood transfusion showed significant differences.
These results suggest that patients in the open repair and endovascular repair groups had more severe clinical conditions because they were significantly more likely to require mechanical ventilation, chest tube drainage, defibrillation, and intravenous infusion for treatment of AAI. However, they might have also had different injury patterns necessitating other treatments. In-hospital mortality was not different among the non-repair, open repair, and endovascular repair groups.
Treatment choices are affected by the situation, environment, and surgeon. Of course, the AAI grade and injury location also affect treatment decisions.
The endovascular repair group had a prolonged length of stay. This may have been because patients who underwent Data are presented as number (%) endovascular repair were more likely to have pelvic fractures, which require a longer duration of bed rest. The total hospitalization costs were highest in the endovascular repair group. Our results showed a higher proportion of lumbar spine and/or pelvic fracture in patients with AAI, which corresponds to the results of previous studies [13, 14] . These fractures are generally caused by high-energy trauma, which affects not only the lumbar spine or pelvis but also the local abdominal aorta. Thus, particular attention should be paid to the abdominal aorta on initial computed tomography imaging for patients with abdominal trauma in the emergency department.
Our results also demonstrated a higher proportion of endovascular repair in patients with AAI who had lumbar spine and/or pelvic fractures. This may have been because endovascular repair can treat both AAI and other types of bleeding.
The present study showed that the proportions of patients undergoing endovascular repair gradually increased from 2010 to 2017, whereas the proportion of patients who underwent no repair decreased (Fig. 2) . These results are consistent with those in recent observational studies on thoracic aortic injury [15, 16] . In the present study, the proportion of open repair was higher in patients with AAI aged 18 to 64 years than in those aged ≥ 65 years, whereas the proportion of endovascular repair was higher in patients aged ≥ 50 years than 18 to 49 years (Table 1 ). These trends suggest that the proportions of older patients who undergo endovascular repair and younger patients who undergo open repair are increasing. Endovascular repair can be a good indication for older patients because it is less invasive; however, the long-term outcomes of endovascular repair for young patients remain unknown.
AAI is rarely seen in the clinical setting, and this study therefore provides useful information on the clinical features of patients with AAI. The Society of Vascular Surgery released a clinical practice guideline for thoracic aortic injuries, but a similar consensus regarding AAI has not been reached [4, 17] . Our results provide useful information that can contribute to the establishment of further consensus.
This study has several limitations. First, the type and degree of AAI, cause of trauma, cause of death, physiological parameters, and laboratory data were not available in the database. Second, no information was available regarding patients who died before reaching the hospital because the database contained only inpatient data. Third, this was a retrospective study, and the recorded diagnoses were less well validated than those in prospective registries. Finally, we evaluated only proven injuries because of the nature of the database.
Conclusions
In this cohort, the proportion of non-repair for AAI decreased from 2010 to 2017, whereas the proportion of endovascular repair increased. Younger patients were more likely to undergo open repair, whereas older patients were more likely to undergo endovascular repair. 
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